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In species with biparental care, males may be under selection to adjust the amount of care they provide for their offspring in response to losses in paternity. Previous work on birds and fishes provide mixed empirical evidence for facultative adjustments in male care to losses in paternity. One potential reason for this inconsistency is that males need access to reliable cues of losses in paternity, and that it might be difficult to assess what cues, if any, are used by males. Here we manipulated three cues of losses in paternity in the burying beetle Nicrophorus vespilloides: the presence of a (dead) rival male (N ¼ 44), the temporary absence of the female (N ¼ 41) and the presence of a rival male's cuticular hydrocarbons on the female (N ¼ 44). We focused on these three cues because there is evidence that males respond to these cues in other species and there is also evidence that our study species responds to these cues in other contexts. We found no effect of the three cues on the amount of direct or indirect care provided by the male, male weight change, or the number and weight of offspring. Our results provide no evidence that single male parents adjust their investment in the current brood based on cues of losses in paternity. As previous work showed that most wild females arriving on a carcass already store sperm, it is likely that males have evolved a fixed response to female polyandry by mating very frequently with the female. © 2017 The Association for the Study of Animal Behaviour. Published by Elsevier Ltd. All rights reserved.
Parental care can be defined as any parental trait that enhances the fitness of the parent's offspring, and that is likely to have evolved for this function (Smiseth, K€ olliker, & Royle, 2012) . A major aim in behavioural ecology is to understand why there is so much diversity in the form, level and duration of parental care as well as the extent to which it involves male or female parents (CluttonBrock, 1991; Royle, Smiseth, & K€ olliker, 2012) . This diversity is thought to reflect variation in the benefits and costs of parental care to males and females, which depends on factors such as environmental hazards, mating opportunities and relatedness between parents and offspring (Royle et al., 2012) . In many species, the relatedness between parents and offspring in a given brood is lower on average for males than for females as a consequence of female promiscuity (Birkhead, 2000) . Thus, the evolution of male parental care is expected to be shaped by average losses in paternity due to expected levels of female promiscuity and realized losses in paternity due to variation in actual levels of female promiscuity (Westneat & Sherman, 1993) . There is good empirical evidence for evolutionary responses in male involvement in parental care as a consequence of average losses in paternity. For example, in birds, male parental care tends to be lower in species with higher levels of extrapair paternity (Griffith, Owens, & Thuman, 2002) .
There is less consistent evidence for facultative adjustments in male care, whereby males reduce the amount of care in response to realized losses in paternity (Alonzo, 2010; Sheldon, 2002; Wright, 1998) . One potential explanation for this is that males should adjust their care only if they expect a higher paternity in the future, which may not always be the case (Westneat & Sherman, 1993) . Another potential explanation is that such responses are conditional upon the presence of reliable cues that males can use to assess their realized losses in paternity (Alonzo, 2010; Sheldon, 2002; Wright, 1998) . The mechanism used by males to assess their paternity losses can be divided into two main categories (Bose, Kou, & Balshine, 2016; Sherman & Neff, 2003) . First, males may respond to indirect cues emanating from the ecological or social environment. Second, males may also respond to direct cues from the offspring's phenotype serving as indicators of genetic relatedness between themselves and the offspring (Hauber & Sherman, 2001) . Indirect cues fall into three main categories: (1) the presence of a rival male during the female's fertile period (Neff, 2003) , (2) the absence of the female or the male during the female's
